Abstract. The effects of moderate intensity exercise of different duration on the cancellous and corti cal bone mass of the tibia were investigated in mature ovariectomized rats by bone histomorphometry. A total of twenty 23-week-old female Wistar rats were used in this study. Ovariectomy (OV) was per formed on 15 animals, and they were divided into three groups of five animals each: an OV group, an OV+exercise for 30min a day (EX30) group and an OV+EX60 group. The other 5 animals served as a sham-operated (SH) control group. The exercise consisted of treadmill running at 16m/min and was performed 5 days a week for 12 weeks after the operation. After 12 weeks of exercise, bone histo morphometry was used to evaluate the cancellous bone (secondary spongiosa) of the proximal tibia and the cortical bone of the tibial shaft. The OV group showed a significant decrease in cancellous bone volume, with increased resorption and formation, compared to the SH group (P<0.01). Although the OV+EX30 group showed a significant increase in cancellous bone volume, with decreased resorption and increased osteoblastic activity, compared to the OV group (P<0.05), can cellous bone volume in the OV+EX30 group remained significantly lower than that in the SH group (P<0.05). There was not a significant difference in cortical bone area between the OV group and the SH group, whereas the OV+EX30 group showed a significant increase in cortical bone area, with decreased resorption on the endosteal surface, compared to the OV group (P<0.05). There were no significant differences in cancellous bone volume or cortical bone area between the OV group and the OV+EX60 group. The data suggest that moderate intensity exercise of appropriate duration may attenuate ovariectomy-induced cancellous bone loss and increase cortical bone mass in mature ovari ectomized rats. (Keio J Med 47(3): 162-167, September 1998) 
Introduction
Senile and postmenopausal osteoporosis are major public health problems, because estrogen deficiency after menopause causes marked bone loss with an in creased risk of fractures. To prevent osteoporosis, it is important to prevent or even attenuate the bone loss induced by estrogen deficiency. Since exercise can result in positive bone mass balance, it has been pro posed as a strategy to prevent osteoporosis. However, the effects of exercise on bone mass reported in post menopausal women are inconsistent. Some investiga tors between the OV+EX60 group and the OV group was not significant.
Bone histomorphometry Table 2 shows the results of bone histomorphometric analysis of the cancellous bone of the proximal tibia. Effects of ovariectomy: BV/TV and TbN in the OV group were significantly lower than those in the SH group (P<0.01, Mann-Whitney U test), but TbTh was not significantly different in these groups. ObS/BS, OcS/ BS, ES/BS, MS/BS, and BFR in the OV group were significantly higher than those in the SH group (P<0.05, Mann-Whitney U test), but MAR was not significantly different in these groups. Finally, ovariec tomy decreased cancellous bone mass (BV/TV) by 57.3%. Effects of exercise: BV/TV and ThN in the OV+EX30 group were significantly higher than those in the OV group (P<0.05, Mann-Whitney U test), but remained significantly lower than those in the SH group .8% lower than that in the SH group. The exercise in the OV+EX30 group reduced the loss of cancellous bone mass (BV/TV) by 50.3%. However, there were no significant differences in these parameters between the OV+EX60 group and the OV group. Table 3 shows the results of bone histomorphometric analysis for the cortical bone of the tibial shaft. Effects of ovariectomy: There were no significant differences in Tt Ar, Ma Ar, Ct Ar, and P-MS/BS between the OV group and the SH group. However, E-MS/BS and E ES/BS in the OV group were significantly higher than those in the SH group (P<0.05, P<0.01, respectively, Mann-Whitney U test). Effects of exercise: Tt Ar and Ma Ar in the OV+EX30 group and the OV group did not significantly differ, but Ct Ar in the OV+EX30 group was significantly higher than that in the OV group (P<0.05, Mann-Whitney U test). P-MS/BS and E-MS/BS in the OV+EX30 group and the OV group did not significantly differ, but E-ES/BS in the OV+EX30 group was significantly lower than that in the OV group (P<0.05, Mann-Whitney U test). Finally , the exercise in the OV+EX30 group increased cortical bone mass (Ct Ar) by 34.8%. However, there were no significant differences in these parameters between the OV+EX60 group and the OV group.
Discussion
As already demonstrated, ovariectomy results in high bone turnover in rats, with resorption exceeding formation, and induces cancellous bone loss in the proximal tibia.12-14 Ovariectomy increases the bone mass of the cortical bone of the tibial shaft in young rats due to increased periosteal and endosteal forma tion,15-17 but in adult rats it decreases bone mass due to increased endosteal resorption.18 Cortical bone is less susceptible than cancellous bone to the bone loss caused by ovariectomy.15,19.20 Ovariectomy increases the body weight of rats, and this increase is thought to provide an additional stimulus for bone formation and to partially protect against osteopenia in weight-bearing long bones such as the tibia.21 In our study in young adult mature rats, the OV group showed a significant increase in body weight, a significant decrease in can cellous bone mass (BV/TV) of the proximal tibia, with increased resorption and formation (mainly osteoblastic recruitment, indicated by a high MS/BS) , but no signi fi cant change in cortical bone mass (Ct Ar) of the tibial shaft, with increased endosteal formation and resorp tion, compared to the SH group. These findings are in agreement with the results of the previous studies . 12-18 Few studies have examined the effect of moderate intensity exercise on cancellous and/or cortical bone mass in mature or adult rats during the early stage after ovariectomy. In our study, moderate intensity exercise of 30-minute duration attenuated the loss of cancellous bone mass (BV/TV) induced by ovariectomy by half and increased cortical bone mass (Ct Ar) . In contrast, the 60-minute exercise affected neither cancellous nor cortical bone mass (BV/TV and Ct Ar , respectively). This suggests that there is an effective duration of even moderate intensity exercise that affects cancellous and cortical bone mass. Exercise of moderate intensity of appropriate duration can be useful in achieving positive bone mass balance in the mature ovariectomized rat . However, the exercise in our study failed to prevent the ovariectomy-induced cancellous bone loss completely .
As also demonstrated by Peng et a1.,22 moderate inten sity exercise during the early stage after ovariectomy in young rats could not totally prevent ovariectomy induced loss of femoral trabecular bone volume. Thus, it may be difficult to prevent ovariectomy-induced can cellous bone loss completely by means of moderate intensity exercise alone.
The mechanisms that increases bone mass and decreases bone loss have not yet been established. They vary among the experimental models. In young rats exercise stimulates bone growth and bone formation,5-8 whereas in adult rats it increases bone formation and decreases bone resorption.10.11 Yeh et a1.23 demon strated that the effect of exercise in adult ovariecto mized rats is predominantly mediated by inhibition of bone resorption rather than stimulation of bone forma tion. Barengolts et al. 12 showed that exercise results in fewer resorption/formation sites but higher aaaaavity of individual osteoblasts at locales. The differences be tween the findings in these studies may be due to di ff erences in the methods used to evaluate bone forma tion and bone resorption. In our study, the mechanism of attenuation of cancellous bone loss in the OV+ EX30 group was thought to be decreased bone resorp tion and increased osteoblastic activity (indicated by a high MAR), and the mechanism responsible for in creasing cortical bone mass appeared to be a decrease in bone resorption on the endosteal surface. The reason that the exercise did not affect bone mass, and bone formation, or bone resorption in either cancellous or cortical bone in the OV+EX60 group, however, re mains to be clarified. We speculate that it was because the exercise of long duration in the mature ovariec tomized rats increased bone resorption (remodeling) as a result of increased amounts of bone microdamage,24,25 thereby counteracting the increase in bone mass in duced by exercise. Further study is needed to specify the mechanism.
In conclusion, the results of our study suggested that the response of bone to moderate intensity exercise differs according to the duration of the exercise, and that moderate intensity exercise of appropriate dura tion may attenuate ovariectomy-induced cancellous bone loss and increase cortical bone mass in the mature ovariectomized rat.
